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(54) Passive entry x-y-z transponder antenna 

(57) In a transponder unit adapted to communicate 
with an interrogation unit by transmitting RF signals to 
and receiving RF signals from the interrogation unit, a 
transponder antenna comprising an elongated tubular 
first ferrite antenna coil (12), oriented to transmit and 
receive RF signals a first direction parallel to the barrel 
of said coil; an elongated tubular second ferrite antenna 



coil (14), oriented at a different angle from said first coil 
and adapted to transmit and receive RF signals in a sec- 
ond direction parallel to the barrel of said coil; and a sub- 
stantially flat, planar air coil (10) adapted to transmit and 
receive RF signals in a direction perpendicular to the 
plane of said coil, and oriented at a different angle from 
said first and said second coils. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to electronic cir- s 
cuits, and more particularly to a passive entry X-Y-Z 
transponder or reader antenna. 

BACKGROUND OF THE INVENTION 

10 

The invention relates to an antenna for use in an RF 
ID or similar transponder comprising a transponder unit 
which transmits at least one RF interrogation pulse to a 
remote reader unit which thereupon sends data stored 
therein back to the transponder unit in the form of a mod- is 
ulated RF carrier. 

Such transponder and reader arrangements are ap- 
propriate for many applications, including many in which 
either the transponder or reader unit is mobile, as where 
either the transponder or reader, or both, are carried by 20 
a person, in an automobile or other mobile vehicle, or 
attached to an animal. When used in these types of ap- 
plications, the transponder and reader units should be 
able to effectively receive and transmit RF carrier sig- 
nals when the transponder unit is oriented in any of a 25 
variety of directions and distances relative to the reader 
unit. 

SUMMARY OF THE INVENTION 

30 

The effectiveness of conventional antennas for 
transmission and reception may vary according to a 
number of factors relating to the antenna environment, 
including the orientation of the antenna relative to the 
reader and the modulated RF carrier signal. If a conven- 35 
tionai transponder antenna is improperly aligned rela- 
tive to the reader, the incoming or outgoing RF carrier 
signal may be degraded and the data represented by 
the signal misinterpreted. 

Therefore a need exists for a transponder antenna 
which can effectively transmit and receive RF carrier 
signals from a remote reader unit when the units are ori- 
ented in many different directions and distances relative 
to each other. In accordance with the teachings of the 
present invention, an omnidirectional transponder an- 4S 
tenna is provided which substantially eliminates or re- 
duces disadvantages or problems associated with prior 
art transponders and antennas. 

In particular, a transponder antenna is provided 
having three antenna coils, one being oriented in each &> 
of the X, Y and Z directions. Each coil antenna transmits 
a dipole type pattern having minima and maxima. Alter- 
natively, two antenna coils may be provided oriented in 
two planes. 

To transmit data from the transponder to a reader ss 
unit via an RF carrier, a modulated frequency-shift key- 
ing (FSK), phase-shift keying (PSK), or amplitude-shift 
keying (ASK) oscillator or passive reactance modulator 



may be used. 

In one embodiment, the three antenna coils com- 
prise one preferably flat air coil and two ferrite antenna 
coils, with the ferrite coils oriented at different angles rel- 
ative to each other. Each antenna is coupled to a reso- 
nant tuning circuit having LC's, and, when the antenna 
is receiving RF signals, the DC voltages from the tuning 
circuits are superimposed and added in order to con- 
struct a single supply voltage. Alternatively, if the device 
is oriented in only two directions, one air coil may be 
used with one ferrite antenna coil. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

FIG. 1 is a graph showing one orientation of an an- 
tenna according to the present invention; 
FIG. 2 depicts an antenna arrangement according 
to the present invention; 

FIG. 2A depicts an alternative embodiment of an 
antenna arrangement; 

FIG. 3A depicts another alternative embodiment of 
an antenna arrangement; 

FIG. 3 depicts antenna output circuits connected in 
series; 

FIG. 3A is a block diagram of the circuit connected 
in series; 

FIG. 3B is a block diagram of an alternative embod- 
iment having output circuits connected in series; 
FIG. 4 depicts antenna output circuits connected in 
parallel; 

FIG. 4A is a block diagram of the circuit connected 
in parallel; 

FIG. 4B is a block diagram of an alternative embod- 
iment having output circuits connected in parallel; 
FIG. 5 depicts a reactance modulator circuit for use 
withe present invention; and 
FIG. 6 depicts an active oscillator circuit for use with 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a graphical representation of one arrange- 
ment of antennas according to the present invention. As 
can be seen from the graph of FIG. 1 , one embodiment 
of the invention comprises an air coil 10, shown here 
oriented in the Y direction, and one or more ferrite coil 
antennas. FIG. 1 shows two such ferrite coil antennas 
12 and 14, oriented in the X and Z directions, respec- 
tively. The ferrite antennas are therefore oriented ap- 
proximately 90 degrees relative to each other, and from 
the air coil 10. The ferrite antennas 12 and 14 may be 
of any conventional construction, such as antennas 
used in conventional automobile-type transponders. 

It will be understood that although the invention will 
be described below with reference to an embodiment in 
which the antennas are oriented approximately ninety 
degrees relative to each other, the precise orientation 
and alignment of the antennas may be adjusted or mod- 
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ified as needed to accommodate differing conditions 
and circumstances, without departing from the spirit and 
scope of the invention. It will be appreciated by those in 
the art that certain applications may exist in which sat- 
isfactory performance may be achieved with the anten- 
nas oriented at angles otherthan ninety degrees relative 
to each other. 

The individual air coil 10 and the ferrite antenna 
coils 12 and 14 have a dipole-type pattern with maxima 
and minima. 

It is a technical advantage of the present invention 
that, by orienting the antennas in this arrangement, and 
by coupling the antennas as described hereinbelow, a 
transponder unit is able to effectively receive and recon- 
struct RF carrier signals which are oriented in any direc- 
tion relative to the transponder with minimal degrada- 
tion. In conventional single antenna arrangements hav- 
ing dipole-type patterns with maxima and minima pro- 
jected in a single plane or axis, the strength of a received 
RF signal would vary according to whether the antenna 
was properly aligned in the plane of the signal. Even if 
the antenna were located adjacent a maxima of the car- 
rier signal, the antenna's ability to receive the signal ac- 
curately could be reduced significantly if the antenna 
were improperly oriented relative to the plane of the sig- 
nal. 

Accordingly, a transponder antenna constructed ac- 
cording to the present invention is suitable for a wide 
range of applications for which conventional antenna ar- 
rangements are inadequate, such as applications in 
which either the transponder or reader unit, or both, are 
moveable relative to each other, including, for example, 
when the transponder or reader units are mounted on 
vehicles or carried by human beings. 

In an alternative embodiment, one air coil antenna 
may be combined with one ferrite antenna coil in order 
to provide directionality in two planes, e.g., X + Y, X + 
Z, or Z + Y. Alternatively, more than three antennas may 
be used as necessary for improved directionality. 

FIG. 2 illustrates an example of three antennas 10, 
1 2 and 14 mounted within a transponder unit in order to 
achieve the arrangement depicted in the graphical rep- 
resentation of FIG. 1 . As shown, ferrite coil antennas 1 2 
and 14 are oriented with the longitudinal axis of the coils 
oriented in the X and Z directions, respectively. The di- 
rection of flux or transmission for ferrite coil antennas 
lies along this longitudinal axis (in a direction relative to 
the coil indicated by the "right-hand rule", or parallel to 
the "barrel" of the generally tubular coil), so that orient- 
ing the coils 12 and 14 along these axes will cause the 
coils 1 2 and 1 4 to transmit and receive RF carrier signals 
along the X and Z axes, respectively. 

The air coil 10 is positioned within the transponder 
unit as shown in FIG. 2. Air coil 10 is a generally flat 
planar coil which operates such that the direction of flux 
(the direction in which signals are transmitted from and 
received by the coil) is perpendicular to the plane of the 
coil. 



As can be seen from FIG. 2, it is a technical advan- 
tage of the shown Implementation of the present inven- 
tion that the generally flat planar shape of air coil 1 0 per- 
mits antennas 10, 12 and 14 to be arranged so that the 

5 ferrite coils 1 2 and 1 4 lie in generally the same plane as 
air coil 10, so that the antenna arrangement occupies 
very little space. Since the arrangement depicted in FIG. 
2 does not occupy a significant amount of space in the 
Y-direction, the coil arrangement of the present inven- 

10 tion therefore may be used in smaller and thinner (for 
example, hand-held) transponders than can conven- 
tional antenna arrangements, while still enabling the 
transponder to effectively transmit and receive omnidi- 
rectionally. 

15 FIGs. 2A and 2B illustrate alternative embodiments 
of the present invention in which only one ferrite coil an- 
tenna is provided in combination with the air coil 1 0. FIG . 
2A shows the air coil 10 aligned in the Z-direction, in 
combination with one ferrite coil antenna aligned in the 
20 Y-direction. FIG. 2B shows an air coil 10 aligned in the 
Z-direction in combination with a ferrite air coil aligned 
in the X-directkxi. Of course, the alignment of the an- 
tennas shown in FIGs. 2, 2A and 2B could be altered 
without departing from the scope of the present inven- 
ts tion. 

FIGS. 3 and 4 illustrate arrangements of resonant 
tuning circuits that may be used with the antennas de- 
picted in FIG. 2. In general, each resonant tuning circuit 
comprises an inductor, a capacitor, and a diode. Each 
30 of the antennas 10, 12 and 14, are coupled independ- 
ently to a separate resonant tuning circuit, and the three 
resonant tuning circuits are coupled together either in 
series, as shown in FIG. 3, or in parallel, as shown in 
FIG. 4. 

35 FIG. 3 shows three resonant tuning circuits coupled 
in series. Each resonant tuning circuit comprises an in- 
ductor and a capacitor, and the three resonant tuning 
circuits are coupled together with diodes. Points 20, 22 
and 24 indicate where an oscillator and/or modulator cir- 

40 cuit (described below) may be coupled when the trans- 
ponder antenna is adapted to transmit signals. FIG. 3A 
is a block diagram depicting the antenna arrangement 
when the circuits are coupled in series. 

Alternatively, if only one ferrite antenna coil is used 

45 jn combination with an air coil, as in FIGs. 2A or 2B, the 
circuit of FIG. 3 could be easily altered in a manner ap- 
parent to those in the art by omitting one of the resonant 
tuning circuits. FIG. 3B is a block diagram depicting the 
antenna arrangement when two circuits are coupled in 

50 series. 

FIG. 4 shows three resonant tuning circuits coupled 
in parallel. As is the case with FIG. 3, each resonant 
tuning circuit comprises an inductor and a capacitor, and 
the three resonant tuning circuits are coupled together 
55 with diodes. Points 20, 22 and 24 indicate where an os- 
cillator and/or modulator circuit (described below) may 
be coupled when the transponder antenna is adapted 
to transmit signals. FIG. 4A is a block diagram of an an- 
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tenna arrangement when the circuits are coupled in par- 
allel. 

Alternatively, it only one ferrite antenna coil is used 
in combination with an air coil, as in FIGs. 2 A or 2B, the 
circuit of FIG. 4 could be easily altered in a manner ap- 
parent to those in the art by omitting one of the resonant 
tuning circuits. FIG. 4B is a block diagram depicting the 
antenna arrangement when two circuits are coupled in 
parallel. 

A similar antenna arrangement may also be provid- 
ed in a reader unit, in order ro provide omnidirectional ity 
at a remote location. 

In operation, when the transponder is used to re- 
ceive RF carrier signals transmitted from a remote loca- 
tion, the three antennas 10, 12 and 14 operate to inde- 
pendently receive components of the carrier signal ori- 
ented in the Y, X and Z directions, respectively. The re- 
ceived signals are passed to the resonant tuning circuit 
connected to each antenna. The series arrangement of 
the resonant tuning circuits shown in FIG. 3 act to su- 
perimpose and add the DC voltage components of the 
received carrier signal, to reconstruct the signal compo- 
nents into a single DC voltage signal representative of 
the signal which was transmitted from the remote loca- 
tion. The parallel arrangement of the resonant tuning cir- 
cuits shown in FIG. 4 operates such that the highest in- 
duced voltage either supplies all RF circuits, or supplies 
only the RF circuit having the highest individual voltage. 

In this manner, an RF carrier signal transmitted from 
a remote location may be accurately reconstructed even 
if the signal is oriented in a peculiar manner relative to 
the transponder. In addition, the use of an air coil 10 and 
two ferrite coils 12 and 14 oriented in the manner de- 
scribed above enables the entire arrangement to be po- 
sitioned inside a very small space, so that the antenna 
arrangement herein described may be used in a small, 
hand-held or pocket-sized transponder. 

When the transponder is used to transmit RF sig- 
nals, each of the antennas 10, 12 and 14 may be inde- 
pendently coupled either to a modulated oscillator, or to 
a passive reactance modulator. FIG. 5 shows a reac- 
tance modulator circuit configured in a full-duplex, back 
scatter mode, that may be coupled to each of the anten- 
nas 10, 1 2 or 1 4, and FIG. 6 shows a circuit for a mod- 
ulated active oscillator which may also be used. 

In one arrangement of the present invention, a sim- 
ilar antenna arrangement may be provided in a reader 
unit which transmits an omnidirectional energy field to 
the transponder unit. The transponder unit uses the re- 
ceived energy to generate a data signal, either by mod- 
ulating a RF signal onto the received field via the passive 
reactance modulator of FIG. 5, or by receiving the en- 
ergy and operating an active oscillator as shown in FIG. 
6, and utilizing the received energy to project its own 
field. 

Alternatively, since reader units typically require 
more power than transponder units, the reader unit may 
be provided with two or three air coil antennas oriented 



in different directions, instead of a single air coil in com- 
bination with one or two ferrite coil antennas. 

While the present invention has been described in 
detail with reference to the above embodiments, it 
5 should be understood that various changes, modifica- 
tions and substitutions can be made without departing 
from the spirit and scope of the invention as defined by 
the appended claims. 

10 

Claims 

1 . A transponder antenna, comprising: 

is a first ferrite antenna coil, oriented in a first di- 

rection and coupled to a first circuit; 
an air coil antenna, oriented in a second direc- 
tion at an angle different from said first direc- 
tion, and coupled to a second circuit; 
20 wherein RF signals received by said first anten- 

na coil and by said air coil are processed by 
said first and second circuits, respectively, to 
generate DC signals representative of the sig- 
nal received by each of said antennas. 

25 

2. The transponder antenna of claim 1 , wherein said 
first antenna coil and said air coil antenna are ori- 
ented approximately ninety degrees relative to each 
other. 

30 

3. The transponder antenna of claim 1 , wherein said 
first and second circuits comprise resonant tuning 
circuits connected in series. 

35 4. The transponder antenna of claim 1 , wherein said 
first and second circuits comprise resonant tuning 
circuits connected in parallel. 

5. The transponder antenna of ctaim 1 , further com- 
40 prising a second ferrite antenna coil oriented in a 

third direction different from said first and second 
directions, and coupled to a third circuit. 

6. The transponder antenna of claim 5, wherein said 
45 first ferrite antenna coil, said second ferrite antenna 

coil, and said air coil are oriented approximately 
ninety degrees relative to each other. 

7. The transponder antenna of claim 5, wherein said 
so first, second and third circuits comprise resonant 

tuning circuits connected in series. 

8. The transponder antenna of claim 5, wherein said 
first, second and third circuits comprise resonant 

55 tuning circuits connected in parallel. 

9. The transponder of claim 1 , further comprising: 
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a first output circuit coupled to said first ferrite 
antenna coil; and 

a second output circuit coupled to said air coil. 

10. The transponder of claim 9, wherein said first and 
second output circuits comprise passive reactance 
modulators. 



ond antenna coil. 

16. The system ot claim 14, wherein the transponder 
unit further comprises at least one passive reac- 
s tance modulator coupled to said receiving antenna 
for modulating a signal onto the energy field re- 
ceived from said reader unit. 



11. The transponder of claim 9, wherein said first and 
second output circuits comprise active oscillators. 

12. A transponder unit adapted to communicate with an 
interrogation unit by transmitting RF signals to and 
receiving RF signals from the interrogation unit, 
comprising: 

an elongated tubular first ferrite antenna coil, 
oriented to transmit and receive RF signals a 
first direction parallel to the barrel of said coil; 
an elongated tubular second ferrite antenna 
coil, oriented at a ninety degree angle from said 
first coil and adapted to transmit and receive 
RF signals in a second direction parallel to the 
barrel of said coil; and 



17. The system of claim 14, wherein the transponder 
10 unit further comprises at least one active oscillator 
coupled to said receiving antenna for receiving and 
storing the energy field received from said reader 
unit. 

15 18. The system of claim 14, wherein said first antenna 
coil is an air coil. 

19. The system of claim 18, wherein said second an- 
tenna is a ferrite coil antenna. 

20 

20. The system of claim 18, wherein said second an- 
tenna is an air coil. 



a substantially flat, planar air coil adapted to 25 
transmit and receive RF signals in a direction 
perpendicular to the plane of said coil, and ori- 
ented at a ninety degree angle from said first 
and said second coils. 

30 

13. The transponder antenna of claim 12, further com- 
prising: 



a first circuit coupled to said first antenna; 

a second circuit coupled to said second anten- 35 

na; and 

a third circuit coupled to said air coil; 
wherein RF signals transmitted from or re- 
ceived by said first and second antennas and 
said air coil are processed independently by to 
said first, second and third circuits. 



14. A system for remote communication, comprising: 

a transponder unit having a receiving antenna; 45 
and 

a reader unit disposed at a location remote from 

said transponder unit, comprising: 

a first antenna coil, and 

an second antenna coil oriented at an angle rel- 

ative to said first antenna coil; 

wherein said reader unit is adapted to transmit 

an energy field to said transponder unit via said 

first antenna coil and said second antenna coil. 

ss 

15. The system of claim 14, wherein the reader unit fur- 
ther comprises a third antenna coil oriented at an 
angle relative to said first antenna coil and said sec- 
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